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Abstract 
Changes in the texture (elastic nature) of the flesh of barrel salted herring during 
the ripening process at 4 °C have been monitored. The method employs the 
analysis of stress-relaxation curves after compression to half of the sample 
thickness on an lnstron Model 1112. The parameter 'T/P' for each sample 
represents the reciprocal of the gradient of a line connecting P and T 0.368p· This 
parameter characteristic of each sample's texture was calculated as the ratio of 
'T/P' where, T is the relaxation time and is defined as the time required for a 
stress at constant strain to decrease to 1/e of its original value, where 'e' is the 
base of natural logarithms (2.7183). Since 1/e = 0.368, the relaxation time is the 
time required for the force to decay to 36.8% of its original value. P is the peak 
height of the curve (i.e. the force value at the maximum height). This method was 
adopted from the bakery industry for testing the degree of gluten development in 
bread dough. The 'T/P' values obtained over the course of ripening for differently 
treated salted-herring in barrels ranged between 1 and 12. The trends in 'T/P' 
value, during ripening period for the different samples, appeared to be parallel 
changes in texture perceived by sensory observation (subjective measurement), 
although the heterogeneous nature of the samples gave standard deviations, 
about the replicate sample mean, around 5%. The method appears promising as 
an objective measure for monitoring this aspect of the textural quality of barrel 
salted-herring through ripening if reproductibility of test results can be improved 
by more careful standardization of sample preparation and test protocol. 
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Introduction 
The concept of texture is wide and its definition varies from discipline to 
discipline. Even in the same discipline, eg. in food science, the definition of 
texture can vary from one product to another. The textures of cheese, meat and 
crisp will certainly be defined in different ways. What constitutes an ideal texture 
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in any given fish product has rarely been defined, although most sensory 
schemes, available for organoleptic testing of such products, require that some 
assessment of texture be made (Bourne 1982). Texture is an important attribute 
when the degree of maturation/ ripening of a particular sample of barrel-salted 
herring is being assessed. In general, the textural attributes of a fishery product 
are essential factors in the determination of its overall quality (Borresen 1986). 
The 'ripening 1 process for heavily salted (1 part salt : 4 parts fish) herring, 
whereby the salt dissolves in the aqueous extract from the fish in a sealed 
barrel, involves a gradual change in sensory characteristics over a period of 12 
months or more at 4 °C. A major factor in this change is textural. Initially, the fish 
retains its elastic, raw texture but becomes firmer due to exosmosis to the 
forming 'blood-pickle 1 and inward diffusion of salt. Subsequently, a gradual 
tenderisation occurs, ideally to the point, coinciding with optimum flavour 
maturity, where the flesh is firm enough to retain its integrity but is neither too 
rubbery nor too ready to disintegrate to a palate-clinging paste on mastication. 
The desired textural development, during ripening, is characterized 
rheologically by an increase followed by decrease in firmness superimposed by 
a gradual loss of elasticity. Subjectively, over short periods of ripening, these 
textural changes are difficult for taste panels to perceive, let alone quantify. 
Objectively, mechanical devices with graphical printout-linked attachments and 
programmes to represent the variety of our textural perceptions of food during 
biting and mastication have been employed. 
The extent to which components of our perception of food texture can be 
separately quantified in this way and, moreover, related back to taste panel 
scores, has been the subject of many years of debate amongst researchers in 
this area of investigation. Howgate (1977) mentioned the instruments used by 
earlier researchers to monitor the texture of raw and cooked fish as it is 
modified by normal processing methods, but the relationships between data 
obtained from such objective texture assessment methods and texture data 
from sensory panel tests on fish, in its whole or filleted form, seemed tenuous. 
Borderias et a/. (1983) found better correlation between instrumental and 
sensory data with fish mince. This has also been the case for those like Lee and 
Chung (1989) and Knudsen eta/. (1987) assessing the texture of surimi. 
Performing instrumental texture analysis on fish mince rather than natural 
flesh overcomes the problem of data variability due to the heterogeneity of the 
flesh, but relating data thus obtained to the changes perceived by the sensory 
panel over the ripening period may prove difficult. A prospective purchaser of 
fish may assess the freshness of raw fish subjectively by squeezing the flesh 
between finger and thumb. The imprint so made would disappear 
instantaneously with the release of this pressure if the fish was fresh but remain 
for a moment or longer if the fish was not so fresh. This could provide a clue to 
the sort of instrumental device to be sought for an objective assessment of 
texture. 
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A device which represents our initial perception of food texture (as we first 
bite through food) is the shear cell which, linked to a scale, records extent and 
manner of the food 1s resistance to an increasing cutting force. This has been 
used extensively to quantify the degree of toughness or tenderness particularly 
in meat products (Bourne 1982). Whilst toughness/tenderness is a parameter of 
relevance (as it appears, subjectively, to follow a particular pattern of 
development in the ripening of salt-herring) it could not be used to estimate the 
ripening stage reached in an unknown sample. This is because the 
maximum/minimum value characteristically occurs during the ripening process 
rather than initially or terminally. 
Elasticity, however, is partly responsible for the undesirable 'raw herring1 
perception at the beginning of the ripening period; whilst the lack of it is partly 
responsible for the similarly undesirable textural 'pastiness 1 of the over-ripened 
product. Elasticity is a crucial characteristic of bread dough texture and a method 
of quantifying this parameters, by recording the relaxation time from the peak to 
a standard fraction of the peak stress on the stress-relaxation curves, as 
obtained from an lnstron, has been published by Frazier eta/. (1973). 
In spite of the physical dissimilarity of the food materials, with respect to 
shape regularity and structural homogeneity, this methodology was adapted to 
obtain stress-relaxation time data on the fillets taken from different batches of 
salt-herring as they ripened. As the relaxation curves appeared typical of an 
exponential decay (Fig. 1) the relaxation times from the peak of the 
compression/ relaxation trace to 0.368 ( =1/e ) of the peak force value were 
recorded. Each fillet was compressed to 50% of its thickness at a standard 
position. As different fillet thicknesses in the replicates led to different peak 
heights, the data was presented as a series of graphs of relaxation time divided 
by peak force (T/P) against ripening time. 
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Fig. 1. lnstron recorder trace for compression and relaxation of the sample. 
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Materials and methods 
Herring from North Sea of composition shown in Table 1 were salted in 
polypropylene barrels and stored at 4°C to ripen for 12 months as follows : 
1. Whole fish + New salt 
2. Whole fish + Used salt 
3. Gipped fish + New salt 
4. Gipped fish + Used salt 
Table 1. Composition and initial characteristics of herring caught from North Sea in July'92 
* 
Parameter 
Moisture 
Fat 
Protein 
pH 
Histamine 
Temperature 
Average weight 
Average length 
Colour 
TVB-N 
FAN 
PO 
TSARS 
Range is shown in parenthesis 
63% 
17% 
19% 
6.33 
Result 
0.29 mg/1 00 g 
0.2°C 
231 g (165- 290)* 
27 em (22- 30)* 
Silvery 
9 mg/1 00 g 
52 mg/1 00 g 
8.4 m eq/kg oil 
23m eq MNkg oil 
The ratio of salt to fish was 1 :4 (i.e. 1 part salt to 4 parts fish). The salt 
concentration in the herring during the study period was 11% two weeks after 
salting, rising to 16% after 12 months of ripening. 
Small sections of samples from the fillets were prepared from the dorsal, 
skinless muscle at 3 month intervals through the ripening period. The samples 
were of approximately 1 cm 2 surface area. These small pieces of samples were 
kept chilled until the experimental work. 
Instrument setting 
An lnstron Model 1112 was used in the present study with the following 
set up -
50 kg load cell 
Chart speed : 50 em/min 
Cross head speed : 10 em/min 
The probe attachment was a brass cylinder of 14 mm diameter. 
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Determination 
During determination the samples were taken into a stainless steel dish and 
placed on the load cell table of the lnstron. The diameter of the metal dish was 
much less than the diameter of the load cell (load cell diameter was 15 em; 
metal dish diameter was 8 em). The sample was then subjected to compression 
between parallel plates i.e. load cell table and the cross head. The crossead 
control was programmed to stop its downward movement when the sample 
was compressed to 50% of its thickness. The sample was then allowed for 
relaxation at constant deformation. The compression and stress relaxation was 
traced on a continuous chart at a chart speed of 50 em/min. For each 
determination at least 10 replicates were carried out because of the non-
homogeneous nature of the sample. During determination the sample 
temperature was between 8 and 10 C. 
Calculation 
The parameter characteristic of each sample's texture was calculated from 
the relaxation curve as the ratio of- T/P 
Where, T is the relaxation time and is defined as the time required for a 
stress at constant strain to decrease to 1/e of its original value, where 'e' is the 
base of natural logarithms (2.7183). Since 1/e = 0.368, the relaxation time is the 
time required for the force to decay to 36.8% of its original value (Bourne, 1982). 
P is the peak height of the curve (i.e. the force value at the maximum height). 
From the relaxation curves To.368 were determined and the texture parameter 
was calculated (T/P). 
Values of T/P were taken as the texture parameter characterizing each 
relaxation curve and plotted against the time of ripening in each of the differently 
prepared batches of herring. 
Results and discussion 
Results of the present study have been shown in the Figures 2.1 to 2.2. 
Before discussing the results the following texture-affecting phenomena should 
be taken into consideration which are occurring simultaneously during the 
ripening of salted herring : 
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Fig.2. Changes in texture of salted herring Fig.2. Changes in texture of salted herring 
during the ripening in barrels at 4 °c using during the ripening in barrels at 4 °c using 
new salts. used salts. 
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At the beginning of the process -
(i) Salt is diffusing into the fish flesh causing it to stiffen, that is to become 
firmer but not more or less elastic; 
(ii) Water is diffusing into the brine until there is osmotic equilibrium between 
the aqueous medium in the fish and the surrounding brine - this will 
similarly cause the flesh to become firmer without affecting its elasticity; 
(iii) Removal of water from the protein gel matrices might cause the proteins to 
aggregate and exclude even more water - this might result in increased 
elasticity in the same way as a gelatin gel becomes more rubbery the 
greater the concentration of gelatin; 
(iv) On the other hand, penetration of Na + and cr ions into such matrices 
would favour greater retention of water. 
The following phenomena take place during the ripening process: 
(v) Autolytic activity, very gradually proceeding in such high ionic 
concentrations, includes proteolysis which would reduce elasticity 
progressively until the flesh eventually liquefied as occurs in the ambient 
temperature production of fish sauce; 
(vi) Some of the products of the ripening process, like free fatty acids - the 
products of lipolysis, and the products of oxidative scission of the 
unsaturated hydrocarbon chains of glyceride, can attack proteins denaturing 
them, or even causing breaks in their chains; 
(vii) Other breakdown products, like formaldehyde have been implicated in the 
formation of cross-links between protein molecules which would increase 
their firmness and affect elasticity. 
The concept of sensory textural attributes (hardness, softness, toughness, 
tenderness) may also be taken into consideration for the better understanding of 
the results of present study. The definitions of these sensory textural attributes 
had been developed by the International Organization for Standardization, 
Standard 5492/3, 1979 (Bourne 1982). 
Hardness is the product textural attribute which infers that, it displays 
substantial resistance to deformation or breaking. 
Softness, on the other hand, infers that it displays only slight resistance to 
deformation. 
These attributes which are the opposite to one another are most frequently 
used to describe the texture of amorphous, nonfibrous food. For example a 
ginger biscuit is hard and a banana is soft. 'Firmness 1 is frequently used in place 
of 'hardness 1 when referring to flesh but has the same meaning. Toughness and 
tenderness, however, are attributes more frequently used to describe fibrous 
gel foods like meat and fish. 
Toughness infers resi lienee on mastication. A tough product regains its 
dimensions quickly and repeatedly on the repeated compression-relaxation 
cycles of mastication. A tough product is often described as 'Chewy' or 'Eiastic 1• 
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Tenderness, which is the opposite to toughness, infers little resilience to 
repeated compression-relaxation cycles during mastication. Flesh which is 
tender does not regain its original dimensions quickly when compressed and is 
soon broken down to a paste on mastication. 
The instrumental texture parameters 'T/P 1 of the present study, relates to 
the above definitions. An increase in 'T/P 1 value determined by lnstron tests 
indicate a loss of resilience or elastic nature in the product and, hence, an 
increase in tenderness. 
From a sensory point of view, the ripening continues until the required 
mature flavour and tender eating texture has been achieved. This is said to take 
12 months at 4 °C. The expected textural change during the ripening of salted 
herring is the tenderisation of the fish flesh. The texture of the properly 
matured/ripened fish is softer and less elastic than the raw unsalted fish. The 
process is very slow and the difference is not very great between the raw flesh 
and the mature/ripened flesh. Such trend of textural change was evident in 
lnstron results. During the periodic sensory observations the flesh of all of the 
samples show toughening and then gradually becomes tender and the final state 
was tenderized flesh (Table 2). Such intermediate toughening was also 
supported by the lnstron results which are presented in the Figs. 2.1 and 2.2. 
The decrease in the value of T/P during the ripening period signifies the increase 
of firmness of the samples. The reasons might be the phenomena mentioned in 
points 1 to 7 before. 
Table 2. Sensory observation on the texture of salted herring during ripening in barrels at 
4°C 
Ripening Whole fish Whole fish Gipped fish Gipped fish 
time + + + + 
(Months) New salt Used salt New salt Used salt 
3 Similar to Similar to Similar to Similar to 
raw herring raw herring raw herring raw herring 
6 Tough Tough Tough Tough 
9 Slightly Slightly Slightly Slightly 
tender tender tender tender 
12 Tender Tender Tender Tender 
At the end of the ripening process all of the samples were found to be 
tender and less elastic (instrumental) than the original unsalted fish. The salted 
whole fish were found to be more tender than the gipped fish when the process 
of ripening was complete. This was obvious. both by lnstron ~esults ~Fi~s. 2.1 and 
2.2) and sensory observations (Table 2), dunng the study penod. It IS l1kely to be 
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due to the difference in the degree of proteolysis taking place during the ripening 
process, i.e. the influence of proteolytic enzymes present in the gut. 
Results of the present study using the compression and relaxation of the 
sample under certain experimental conditions show that it permits the 
quantification of texture change of a particular set of samples during the ripening 
of salted herring. These objective results correlated with those of sensory 
observations. Comparing the results of the present study, there does not seem 
to be any appreciable significance to textural development in the use of either 
new or used salt. 
This method for objectively monitoring changes in texture of salted-herring 
during ripening appeared promising in that the trends identified by sensory 
observations were, to some extent, vindicated instrumentally. With careful 
preparation of sample, standard presentation of each sample to the lnstron 
probe and standard test temperature, the standard deviation of the replicate 
sample-mean for the same salted herring sample typically remained around 5% 
of the mean T/P value (with extremes of 1.3% and 12.5%). 
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